in Method For Creating And Recording Transport Time 

Ui Information For Data Recorded On a Disk 

IU BACKGROUND OF THE INVENTION 

O 1 . Field of the Invention 

£7 5 The present invention relates to a method for 

creating and recording transport time information to be 

□ used as time references on when to transmit data transport 
packets recorded in the format of a transport stream in a 
disk recording medium such as a high-density digital 
10 versatile disk (HDVD) to a connected equipment such as a 
digital television, and a method for transmitting data 
transport packets on time indicated by the recorded 
transport time information while reproducing recorded data 
stream. 

15 2 . Description of the Related Art 

FIG. 1 is a block diagram of a DVD player and a 
general television which are connected each other. The DVD 
player 100, which reproduces video and audio data recorded 
in a disk recording medium such as a DVD-ROM, comprises an 
20 optical pickup 12 for detecting signals recorded in a disk 
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11 such as a DVD-ROM; an analog signal processor 13 for 
converting the detected high-frequency signals into binary 
signals; a digital signal processor 14 for processing the 
binary signals into a program stream (PS) of MPEG 
5 standard; a decoder 15 for decoding the data contained in 
the PS into non-compressed video and audio data and 
converting them into corresponding analog signals to be 
applied to the general television 600; a microcomputer 16 
controlling operations of the above elements for data 
10 reproduction; and a memory 17 for temporally storing data 
produced while reproduction. 
B T h e dvd player 100 configured as FIG. 1 decodes and 

if! converts data in the PS reproduced from the disk 11 such as 

s s i 

{fi a DVD-ROM into analog video and audio signals, and then 

00 15 applies them to the conventional television 600 for video 

O 

fy and audio presentation. 

1 FIG. 2 shows a hierarchical structure of a recorded 
CO data stream and time information, especially the 

jL presentation timestamp (PTS) and decoding timestamp (DTS), 

O 20 recorded in a read-only disk such as a DVD-ROM. 

S Z 

As shown in FIG. 2, one or more video objects (VOBs) 
are recorded in a read-only DVD during disk manufacturing. 
A single VOB is corresponding to a single title or program 
and is composed of many video object units (VOBUs) . A 

25 single VOBU is composed of a navigation pack and several 
data packs. Each data pack consists of a pack header and 
several program elementary stream packets (PESPs) which 
contains respective a PES header ^in which the. PTS and DTS 
information are written. 

30 The audio/video data stream retrieved from the PESPs 

is decoded on time indicated by the DTS information and 
then temporarily stored in a memory or a buffer, and 
outputted to a speaker and a screen of the general 
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television 600 on time indicated by the PTS information. 

That is, the point of time when to convert the audio 
and video data stream reproduced from a read-only DVD is 
determined based on the DTS and PTS written in the PES 
5 header of each PESP, so that the converted analog real 
audio and video signals can be presented to a viewer 
through a speaker and a screen of a general television 
without any discontinuity. 

FIG, 3 shows an example of several electric home 
10 appliances connected each other through a digital interface 
such as the IEEE 1394 standard. The electric home 
if appliances connected each other are a digital television 

CP (TV) 500; a set top box (STB) 200 for receiving RF 

« - i 

m broadcast signals, extracting a data stream belonging to a 
2 15 selected program from the broadcast signals, and 
Rj transmitting the extracted stream to the digital TV 500; 
n and a streamer 300 recording or reproducing a digital data 
EG stream to/from a rewritable digital versatile disk (DVD- 
jL* RAM) . 

y 20 The streamer 300 comprises a stream recording unit 32 

for recording transport packets, which constitutes a 
transport stream (TS) for a digital broadcast program, 
transmitted from the STB 200 connected through the IEEE 
1394 standard in a rewritable DVD 31; a stream reproducing 

25 unit 33 for reproducing the TS recorded in the rewritable 
DVD 31; an interface unit 34 for transmitting the 
reproduced TS to the STB 200 and receiving a data stream 
from the STB 200 through the IEEE 1394 standard; a 
controller 35 for controlling the operations of the above 

30 elements; and a memory 35 storing data necessary for the 
control operation of the controller 35. 

The streamer 300 configured as above records a 
digital data stream of broadcast programs received from the 
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STB 200 in a rewritable DVD in a pre-specif ied format, or 
divides a data stream reproduced from the rewritable DVD 
into transport packets and then transmits them to the STB 
200 through the IEEE 1394 standard. 

5 The STB 200 transmits the received transport packets 

to the digital TV 500, then the digital TV 500 decodes the 
transport packets to present high-quality video and audio. 
Such operations make it possible to record digital 
broadcast programs and reproduce them. 

10 FIG. 4 is a pictorial representation showing a 

hierarchical structure of a data stream recorded in the 
rewritable DVD and packet arrival time (PAT) information 
recorded in each transport packet (TP) . 

As shown in FIG. 4, one or more stream objects (SOBs) 

15 are recorded in a rewritable DVD. A single SOB is composed 
of many stream object units (SOBUs) . Partial stream 
belonging to a single SOBU is written across several fixed- 
size sectors. Header information and several TPs are 
written in each sector. 

20 The streamer 300 adds 4-byte PAT to each TP as shown 

in FIG. 4 when recording the received data stream. The 4- 
byte PAT consists of a 9-bit arrival timestamp (ATS) 
extension marked as x ATS_ext' and a 39-bit arrival 
timestamp base marked as ^ATS_base' according to the MPEG 

25 standard. The arrival time extension is a modulo-300 

counter that is incremented at a rate of 27 MHz, whereas 
the arrival time base is incremented at a rate of 90 KHz. 

The reason of recording the PAT in each packet as 
explained above is to transmit recorded packets at same 

30 interval which transport packets are received at, and to 
use the recorded PAT as a position index when searching for 
the video data, especially the infra-coded picture data 
recorded in the rewritable DVD. The reason why the position 
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index is necessary is to point the starting point of each 
infra-coded video frame since the starting point may be 
located anywhere in a SOBU when the broadcast program is 
recorded as it is received. The position index is used to 
5 jump quickly between infra-coded video frames while a trick 
play is conducted. 

For a recording format for a under-developing read- 
only HDVD, it may be considered to adopt the TS as the 
recording-format in consideration that a data stream 
10 reproduced from a HDVD-ROM is delivered directly to a 
digital TV which accepts TS-formatted data. 

The HDVD-ROM is not for recording arbitrary broadcast 
programs but for providing a permanently-recorded program, 
iy so that a recorded stream can be divided into many high- 
P 15 density object units (HOBUs) when a HDVD-ROM is 

manufactured in order that each HOBU may be corresponding 
to a GOP unit of the MPEG standard. 
m Each GOP unit always has a infra-coded picture at its 

p leading part, therefore, it is possible to make a trick- 
pi 20 play by reproducing infra-coded pictures only by jumping to 
jU each HOBU whose position can be known from navigation 
2 information read at initial loading of a disk. That is, it 
~ is not required to access into transport packet layer, 

which means that it is not necessary to record PATs like as 
25 a REWRITABLE DVD to search for every infra-coded pictures 
for a trick play. 

However, each transport packet should be transmitted 
at time interval specified when a program is recorded into 
a read-only disk to be presented without discontinuity or 
30 delay, therefore, time reference information to use as 
point of time when to transmit each packet is still 
required for a read-only disk. 

However, if such time reference information is 
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written in every transport packet for a HDVD— ROM, the space 
for program data may be remarkably decreased. 

Accordingly, a method for recording time information 
to use as a packet sending time reference without 
5 decreasing program recording area should be developed 
urgently . 



SUMMARY OF THE TKTVEHTIOH 

It is an object of the present invention to provide a 
method for creating and recording transport time 

10 information of data recorded in high-density disk recording 
medium, which uses a program clock reference (PCR) inserted 
intermittently in transport packets as a transport time 
reference of a packet, or creates transport time reference 
information for a transport packet every data recording 

15 unit accommodating several transport packets, writes the 
created transport time reference information in the 
corresponding data recording unit, and uses the written 
information as a time reference for transmitting the 
transport packet belonging to a corresponding dat^a 

20 recording unit. 

The method for creating and recording transport time 
reference information for a disk recording medium according 
to the present invention records transport time reference 
information for an arbitrary transport packet in a 

25 recording unit such as a pack in the header of the pack or 
in the header of the arbitrary packet while grouping 
several transport packets into a pack when recording a 
program in the form of a transport packet, and, when 
reproducing a recorded program, detects a transport time 

30 reference based on the information recorded in the header 
of a pack or an arbitrary transport packet, and then 
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transmits the arbitrary transport packet at the detected 
time reference. 

Also, the method for creating and recording transport 
time reference information for a high-density disk 

5 recording medium according to the present invention 
specifies a fixed-positioned, for example the first 
transport packet to include time information for a 
transport time reference, and records the transport time 
re f erence information in the header of the fixed-positioned 

10 transport packet or a pack, and, when reproducing recorded 
transport packets, transmits the fixed-positioned transport 
packet at time interval according the time information for 
that packet. 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 The accompanying drawings, which are included to 

provide a further understanding of the invention, 
illustrate the preferred embodiments of the invention, and 
together with the description, serve to explain the 
principles of the present invention. 

20 In the drawings: 

FIG. 1 is a block diagram of a digital versatile disk 
player and a general television which are connected each 
other; 

FIG. 2 shows a hierarchical structure of a recorded 
25 data stream and time information, especially the 

presentation timestamp and decoding timestamp, recorded in 
a read-only disk such as a DVD-ROM. 

FIG. 3 shows an example of several electric home 
appliances connected each other through a digital interface 
30 such as the IEEE 1394 standard; 

FIG. 4 is a pictorial representation showing a 
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hierarchical structure of a data stream recorded in the 
rewritable DVD and packet arrival time information recorded 
in each transport packet; 

FIG . 5 is a block diagram of a high-density DVD 
5 player and a digital television to which a method for 

creating and recording transport time reference information 
according to the present invention is applied; 

FIG. 6 shows a hierarchical data structure and a 
recording example of transport time reference information 
10 for a data stream recorded in a HDVD— ROM according to the 
present invention; 

0 FIG. 7 shows the recording position of a program 

m clock reference (PCR) which is intermittently recorded in 
rz transport . packets ; .. . , . -.1 j <-- r .:« 

SB 15 F I G ,-, 8 is an, example of .tran^pcprt t imq , reference 

Si informatira recorded according to the present invention; 
" FIGS. 9 and 10 show . another , embodiment for creating 

01 and recording transport . time reference information 
f7 according to the present . invention; ft 

Q 20 FIG. ,11 .is another, embodiment for, creating and 

^ recordinq transport time, reference, information according to 
Wepre^nt4nyenti ? n;...a^ t Jpt , j:t , fj : , 

FIG . ^ 12 is.^nqth^^^ and 
recording, jtranspc^rt time reference information according to 
25 the present, invention. i ■ 

I o • ;- - r •:,-•■.•-»: i : ."* F ' ) wh : i; ! . is .1 1 1 > c r r ^ 1 * j .< " ; * ■ ' ' 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

In order that the invention may be fully understood, 

preferred embodiments thereof will now be described with 

;\PV; r 10 F'i o ' )th'-r emi.'Odi' 

reference to the accompanying drawings. 

30 FIG. 5 is a block diagram of a HDVD player 400 and a 

-. t sv'f rl' v 1 r ' : ^ i: - i. **"■/'.: i*j t i.^-M; 

digital television 500 which are connected each other. The 

\: 1. r, . -I -tij ii I -'I; n* j 'U'. ■< ^ J i nit : i i"i If.-: ■- . . ' 
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HDVD player 400, which reproduces video and audio data 
recorded in a HDVD— ROM 41, comprises an optical pickup 42 
for detecting signals recorded in the ROM disk 41; an 
analog signal processor 43 for converting the detected 
5 high-frequency signals into binary signals; a digital 
signal processor 44 for processing the binary signals to 
restore them into a digital data stream; a TS MUX 45 for 
extracting transport packets from the restored data stream; 
and a controller 46 for controlling the data reproduction 
10 and data processing timing of each element. 

The HDVD player 400 configured as FIG. 5 reproduces 
C3 recorded data from the HDVD— ROM 41, extracts transport 
m packets from reproduced data, and transmits the extracted 
transport packets to the digital TV 500 on time specified 
CO 15 for each packet. The digital TV 500 decodes the received 
m packets to present them to a viewer immediately after 

: L. receiving them. 

jj— i 

m The data stream recorded in the HDVD-ROM 41 has a 

SL hierarchical data structure as shown in FIG. 6, and it has 
O 20 transport time reference information, of which format is 
= also shown in FIG. 6, for transmitting transport packets to 
the digital, television 500 at time reference difference 
interval which should be satisfied for continuous data 
presentation . 

25 The hierarchical structure and the data syntax of FIG. 

6 is explained in detail. 

As shown in FIG. 6, one or more high-density video 
objects (HOBs) are recorded in a HDVD-ROM in a format of 
transport stream during manufacturing the ROM disk. A 

30 single HOB is corresponding to a single title or program 
and is composed of many high-density object units (HOBUs) . 
A single HOBU is composed of several packs marked as 
X HD PCK' and always contains at least a GOP unit, which 
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always has infra-coded picture at its head part, of the 
MPEG standard. Each pack consists of ~a pack header, which 
contains management information for transport packets 
written in that pack, and several transport packets. 
5 The management information recorded in the pack 

header includes the transport time reference information 
for recorded packets, and the transport time reference 
information is same with the PCR in both of format and 
function. The PCR is specified in the digital broadcast 
10 standard to be inserted in transport packets more than once 
during a few milliseconds in order that a data presenting 
y machine such as a digital TV may adjust a local clock, 
EH which is used as a time reference on when to present 
(jX received packets, synchronously with a program source clock 

® 15 of a broadcast station broadcasting TP-formatted programs. 

G 

pj Accordingly, same as the PCR, the transport time reference 
!L information is written in transport packets every a few 
ffl milliseconds which is specified in a digital broadcast 

standard when a program(or a title ) -containing HDVD— ROM is 
20 manufactured. 

The format of the transport time reference 
information to be recorded in the pack header consists of a 
9-bit extension time , SYS_PCR_ext / and a 39-bit base time 
A SYS_PCR_base' according to the MPEG, standard. The 
25 extension time x SYS_PCR_ext ' is a modulo-300 counter that 
is incremented at a rate of 27 MHz, whereas the base time 
'SYS_PCR_base' is incremented at a rate of 90 KHz. 

Whereas, the recording position to write PCR which 
can be used as a transport time reference is the optional 
30 field shown in FIG. 7. The optional field is optionally 
contained in the header of a transport packet. 

FIG. 8 is an example of transport time reference 
information recorded according to the present invention. If 
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a PCR is recorded in the header of the first transport 
packet TP1 contained in the first pack HD-PCK #1 when a 
HDVD-ROM is manufactured, the location of the transport 
packet in which the PCR is recorded is checked and then the 
value of 0001b indicating the location of the first PCR- 
containing packet is written in the packet location field 
x PCR_PKT_POS / . After that, the value of the recorded PCR is 
copied into the transport time reference information fields 
x SYS_PCR_base' and x SYS_PCR_ext' of the first pack header. 

And if a PCR is recorded in the header of the third 
transport packet TP3 for the second pack, the location is 
checked and then the value of 0011b for the third packet is 
written in the packet location field x PCR_PKT_POS' of the 
second pack header. After that, the value of the PCR 
recorded in the third transport packet TP3 is also copied 
into the transport time reference information fields 

A SYS_PCR_base' and A SYS PCR ext 9 . 

Accordingly, when the HDVD player 400 reproduces 
such-recorded HDVD-ROM, the reproduced signals are restored 
into digital data containing location information and 
transport time reference information by the digital signal 
processor 44. The controller 46 detects both of the 
location information for a PCR-recorded packet and 
transport time reference information from the fields 
*PCR_PKT_POS' A SYS_PCR_base' , and A SYS_PCR_ext' of the pack 
header, checks respective values, identifies the a PCR- 
recorded packet from the detected location information, and 
delivers the identified transport packet to the digital TV 
500 through applying it to the TS MUX 45 on time indicated 
in the transport time reference information of 
"SYS_PCR_base' and x SYS_PCR_ext ' . 

The transport packets which do not have transport 
time reference information are transmitted at each equally- 
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divided time between the PCR-contained packets. 

Accordingly, the HDVD player 400 can transmit 
recorded transport packets on time without parsing 
reproduced data to the level of a transport packet, that is, 
5 without decoding the contents of a transport packet. 

The digital TV 500 compensates its own clock speed 
based on every the PCR difference value between two PCR- 
contained transport packets, and presents audio and video 
signals after determining the presentation time of the 
10 received transport packets based on the compensated self 

clock, thereby conducting video and audio presentation with 
no discontinuities . 

g i 

%S If there is no transport packet to record PCR in a 

01 

k« certain pack, the time reference to send the first 
yj 15 transport packet TP1 of the pack is recorded in the 
q transport time reference information fields 'SYS_PCR_base' 
sy and x SYS_PCR_ext f instead of a PCR, and the value of 0000b 
O is recorded in the packet location field x PCR_PKT_POS ' of 
^ the pack. Accordingly, the HDVD player 400 can obtain 
^ 20 transport time references more often compared with the PCR- 
Q only recording embodiment when reproducing such-recorded 
HDVD— ROM, thereby adjusting the transport time interval 
between transport packets more accurately; 

FIGS. 9 and 10 show another embodiment for creating 
25 and recording transport time reference information 

according to the present invention, which records the 
location information only for PCR-containing transport 
packets in the packet location field * PCR_PKT_POS ' . Where a 
PCR is recorded in the first transport packet TP1 of the 
30 first pack HD_PCK #1 and in the third transport packet TP3 
of the second unit pack HD_PCK #2, the value 0001b for the 
first location is recorded in the packet location field of 
the first pack header, and the value 0011b for the third 
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location is recorded in the applicable field of the second 
pack header. 

Accordingly, when the HDVD player 400 reproduces 
such-recorded HDVD— ROM, the controller 46 searches for the 
PCR-contained transport packet indicated by the packet 
location field * PCR__PKT_POS ' of the pack header, reads out 
the PCR contained in the found packet, and uses the read 
PCR as a transport time reference for transmitting the 
found packet. In this embodiment, the controller 4 6 refers 
to the information of the TP header by decoding to the 
transport packet level. 

FIG. 11 is another embodiment for creating and 
recording transport time reference information according to 
the present invention, which records the transport ' time 
reference information for the first transport packet of 
each pack. In this embodiment, it is not necessary to 
record the location information for a transport packet to 
be transmitted based on the recorded transport time 
reference information in the pack header since all. 
transport packets related with the transport time reference 
information of the pack headers are fixed as the first. 

If a PCR is recorded in the first transport packet, 
the value of the PCR is copied to and used as a transport 
time reference, whereas if a PCR is recorded in the third 
transport packet of the second pack as shown in FIG. 11, 
the time value of the PCR of third packet is ignored and 
the value for time reference to be used for the first 
packet is recorded in the fields of time base 
*SYS_PCR_base' and time offset 'SYS_PCR_ext' as the 
transport time reference information. 

Accordingly, when reproduction is proceeding, the 
controller 46 detects the transport time reference 
information written in fields *SYS PCR base' and 
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*SYS_PCR_ext' of the pack header and transmits the. first 
transport packet to the digital television 500 through 
applying the first packet to the TS MUX 45 at the time 
specified by the detected transport time reference 
5 information. For the other packets except the first one, 
the time differences between transport time references 
recorded for two first packets of consecutive packs are 
equally divided, then each packet except the first one is 
transmitted at each divided point of time. 
10 Instead of the first packet, it is possible to 

designate a packet in other position, for example the last 
p one as a reference packet corresponding to transport time 
;i: reference information recorded in the pack header, 
iy FIG. 12 is another embodiment for creating and 

m 15 recording transport time reference information according to 

the present invention. In this embodiment, no information 
s on the transport time reference and the packet location for 
~ a time-information-contained packet is recorded in the pack 
H- header. 

q 20 Instead, a PCR is always recorded in the first 

%a? transport packet of every pack when a program-recorded 

HDVD— ROM is manufactured. When such-manufactured HDVD-ROM 
is reproduced in the HDVD player 400, the controller 46 
checks the header information of the first transport packet 
25 of every pack, reads out a recorded PCR, and transmits the 
first packet on time specified by the read PCR. 

The method for creating and recording transport time 
reference information for a high-density disk recording 
medium according to the present invention can record the 
30 transport time reference information without decreasing 

recording efficiency too much, or use the PCR, which should 
be recorded in transport packets intermittently, as 
transport time reference information without recording 
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